Abstract. Three experiments on tachistoscopic perception ofvisual stimuli demonstrate that the visual system is sensitive to global topological properties. The results indicate that extraction of global topological properties is a basic factor in perceptual organization.
A primitive and general function of the visual system may be the perception of global topological properties (1) . Consider the relationship of figure to background. When a perceptual stimulus is presented under impoverished visual conditions, figure and ground achieve "some measure of differentiation" (2) , although the detailed structure of the stimulus remains vague and amorphous. That the precise shape could not be perceived means that this kind of perceiving does not depend on the details of the shape. In other words, a stimulus was separated into different global wholes (a figure and a background), dependent only on global properties. These global properties can be described mathematically as topological properties, such as connectivity. When we speak of "objects" in a picture, we usually imply that they are connected (3) .
If topological properties play a role in visual perception, we should predict some experimental phenomena that are not necessarily consistent with our everyday perceptual experiences, but with topology. In the following experiments, Fig. 1 . The three stimulus displays used in experiment 1. a tachistoscope controlled the duration of visual information processing and this topological structure was revealed.
From our intuitive experience, circles, triangles, and squares are seen to be far different figures; from the viewpoint of topology, however, they are equivalent. Circles and rings are topologically different. Thus, we might predict that the discrimination between rings and circles might be possible even when the discrimination of circles from triangles or squares is not. To test this prediction, six naive subjects were shown the stimulus patterns illustrated in Fig. 1 (4) . Subjects looked at the fixation point on a preexposure field and pressed a button to receive a 5-msec presentation of a field containing one of the three stimuli, followed by the immediate reappearance of the preexposure field. Both the order of the three stimuli and whether the circle was on the left or the right were random. For each presentation, the subject was asked to report whether the two figures in one display were the same or different. The intensity of the preexposure field was fixed, and the intensity of illumination of the target field was adjusted to keep an overall probability of reporting "different" of 50 percent. (In fact, the displays were always different.)
The visual system was more sensitive to the topological distinction between a connected component with a hole (a ring) and one with no hole. On the average, the stimulus which contained a circle and a ring was reported as "different" on 64.5 percent of the presentations; the stimulus which contained a circle and a square, on 43.5 percent; and the stimulus which contained a circle and a triangle, on 38.5 percent. The accuracy with the stimulus containing a ring was significantly better than one containing either a square or a triangle [t(5) = 8.78 and t(5) = 6.12, respectively, P < .01]. For the topologically equivalent figures (triangle and square), the difference did not reach significance [t(5) = 1.37,
Zeeman predicted that cataract patients, who could not tell triangles from circles just after being operated on, ought to be able to detect homology invariance, for example, to detect holes or to distinguish a doughnut from a bun (5). Because such patients are rare, this experiment has not been tried yet. Now, under conditions of tachistoscopic presentation, his hypothesis about the topological structure in visual perception has been supported.
Some of the configural superiority effects reported (6) may be due to topological properties, such as connectedness or closedness. Indeed, connectedness and closedness have been considered important structural components of perceptual representation (7) . A second experiment compared the sensitivity of visual systems to a single line segment with that to a line segment that was a part of a connected and simple closed figure (Fig. 2) .
To avoid the bias of a subject's focusing on the position where the target line would appear, the target line appeared on either the left or the right of the exposure field. The context was designed to be symmetrical so that by itself it did not provide any clue as to which side a target line was located in. However, it formed a connected and closed figure in conjunction with either target line (8).
In a procedure similar to the first experiment, four subjects reported which side the target line was on for each presentation. The duration of exposure was 50 msec, and the intensity of the illumination of the exposure field was adjusted to keep an overall mean average accuracy of about 70 percent. The order of presenting the stimuli was random. On the average, the target line was reported correctly on 86 percent of the presentations when it was a part of a connected and closed whole. But, when it was presented alone, only 55 percent were reported correctly [t(3) = 6.85, P < .01]. This result indicates clearly that the connected and closed structure can facilitate the detection of the target line that is a part of it.
Another distinction made in topology is whether in a plane a line is contained in a closed curve or not. If the idea about the topological structure of form vision is right, this kind of topological property should also be able to facilitate the identification of target lines.
In a third experiment, two pairs of stimuli ( Fig. 3) were used. The two target lines contained in set A differed both in position and slope. Set B contained both the same target lines and an additional circle in each stimulus, so that one target line was in the circle d the other one outside.
the additional circle was located in the same position, this context gave no clue about which of the two target lines was presented (9).
The procedure was similar to that of experiments i and 2, except that the two stimuli of each pair were presented successively on the same trial in random order. The eight subjects were simply required to indicate which target line was first and which second. With set A, mean accuracy was 59.2 percent and with set B, 79.1 percent [t(7) = 7.17, P < .0011.
The data of these three experiments are difficult to interpret in termsof traditional feature detector models or spatial frequency ifiter models (10). But it is direct, natural, and consistent to explain all of them in terms of early detection of global topological properties, defined in terms of the invariant properties under topological transformations. These experimental facts are therefore relevant to Gibson's theory of invariance detection.
From the perspective of the general theory of computation, the nature of topological invariants makes their computation difficult (11). How should we treat the contradiction of these experimental results with the computational account of perception? The results are consistent with Gibson's insight that "The perceptual system simply extracts the invariants from the flowing array; it resonates to the invariant structure or is attuned to it" (12), although now we do not know how this resonance to topological invariants is generated. This kind of side of the squate is 32 mm; the outer diameter of the ring is the same as that of the circle, and question lies at the core of issues in that of the inner circle, 18 mm. 
